The type of diet consumed by individuals has been associated with the development of some chronic diseases, including cardiovascular disease (CVD), cancer, diabetes, and others. Populations that consume diets rich in fruits and vegetables and drink wine in moderation, as the Mediterranean, have a higher life expectancy and less chronic diseases than other occidental populations. We carried out an intervention study in humans to evaluate the effect of a Mediterranean diet (MD), an Occidental diet (OD) and their supplementation with red wine, on biochemical, physiological and clinical parameters related to atherosclerosis and other chronic diseases. For 3 months, two groups of 21 male volunteers each, received either a MD or an OD; during the second month, red wine was added isocalorically, 240 ml/day. At days 0, 30, 60 and 90, clinical, physiological and biochemical evaluations were made. In this article we report on the results obtained in plasma fatty acids profile that includes saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA), ω-6 fatty acids, ω-3 fatty acids and ω-6/ω-3 ratio. Other results have been published previously. Plasma fatty acid percentages in the OD group, compared to the MD group, did not show differences in SFA, but the OD group showed lower levels of MUFA and ω-3 fatty acids, and higher levels of PUFA and ω-6 fatty acids, with a higher ω-6/ω-3 ratio than the MD group. Wine supplementation reduced MUFA and increased PUFA in both dietary groups, suggesting that wine could improve a diet with a good ω-6/ω-3 ratio. Volunteers on MD showed a better fatty acid profile than those on OD, suggesting a lower cardiovascular risk. Moderate consumption of wine improves this profile in the MD group.
INTRODUCTION
Diet is a key factor in the control and development of chronic diseases, including cardiovascular disease (CVD), cancer, diabetes and others (Buzina R et al., 1991; Halliwell B, 1997; Satia-Abouta et al., 2002) . Atherosclerosis and cancer are the main causes of death in industrialized countries (WHO) .
Since Mediterranean basin populations show a lower mortality rate from all causes, as well as a low specific mortality from CVD, phenomena which could partially be explained by their dietary habits, the Mediterranean diet has often been proposed as a prototype or dietary paradigm on which dietary recommendations for the prevention of CVD may be based (Ferro-Luzzi A and Brabca F, 1995; Trichopoulou A, 2003) . In contrast, most other Occidental developed countries show a high risk of chronic diseases, so their diet has been catalogued as inconvenient and as a risk factor for chronic diseases (Berrino F, 2002; Linseisen J, 2002; Simopoulos AP, 2002) .
The diet of the people from the Mediterranean countries of Southern Europe is characterized by a relatively high consumption of fish, white meat, olive oil, legumes, vegetables and fruits, by a lower consumption of red meat and animal fat and by a moderate consumption of red wine with meals. Conversely, the Occidental diet, characteristic of the USA and some other continental and Northern European populations, is defined by a high dietary intake of red meat, animal fat, dairy products and sugar, and by decreased consumption of legumes, vegetables and fruits and, in several populations, of sea food. In terms of nutrients the Mediterranean diet is rich in monounsaturated fatty acids (MUFA), fiber and antioxidants; it is balanced in ω-6/ω-3 polyunsaturated fatty acids (PUFA) and low in saturated fat (SFA). The Occidental diet is high in SFA and ω-6 fatty acids, high in refined or simple carbohydrates and poor in antioxidants and fiber.
Oxidative stress, the consequence of a prooxidant imbalance between prooxidants and antioxidants in the human body, has been implicated during the last decade in the pathogenesis of chronic diseases and aging (Urquiaga I and Leighton F, 2000; Alvarado C et al., 2003) . Since antioxidants reduce or suppress oxidative stress, they could prevent the damage caused by reactive oxygen species (ROS) and decrease the risk of chronic diseases (Ames BN, 1993) . Also, there is abundant evidence from experimental, clinical and epidemiological observations that ω-3 fatty acids protect against atherosclerosis and sudden coronary death (Mori TA and Beilin LJ, 2001) .
In this context, the benefits of Mediterranean diets have been attributed to a large consumption of antioxidants provided by fruits, vegetables and wine and to the type of fat, especially MUFA and ω-3 fatty acids from vegetables and fish (Trichopoulous A et al., 1999; Simopoulos AP, 2001; Simopoulos AP, 2004) . The damage potential of Occidental diets has been associated to a high intake of SFA and ω-6 fatty acids from red meat, dairy products and some vegetable oils (Mata P et al., 1996; Lahoz C et al., 1997; Willet WC, 1997; de Wilde et al., 2002; Simopoulos AP, 2002; Valenzuela A et al., 2003) . PUFA are susceptible to ROS and are oxidized to lipid peroxides, generating chain reactions that cause extensive damage to DNA, protein, carbohydrates and lipids.
Plasma fatty acids are markers for dietary fat composition. It has been shown that the pattern of fatty acids in plasma lipid reflects the dietary fat composition, especially PUFA and SFA during the previous week (Ma Nikkari T et al., 1995; Katan MB et al., 1997) . The content of fatty acids in human tissues is dependent not only on dietary intake, but also on the endogenous synthesis and metabolism of fatty acids, and on genetic disposition (Vessby B, 2003) . Kinetics of incorporation and elimination of several fatty acids are different and also depend on the type of tissue (Katan MB et al., 1997) .
In order to compare the effect of MD and OD, plus their supplementation with red wine, on biochemical, physiological, and clinical parameters related to atherosclerosis and other chronic diseases, we carried out an intervention study in humans. In this paper, we analyze the results obtained in plasma fatty acids. Other evaluations as plasma antioxidants, plasma antioxidant capacity and oxidative damage markers will be matter of another publication. Results on hemostatic factors have been published previously (Mezzano et al., 2001; Mezzano et al., 2003; Mezzano et al., 2004) .
METHODS

Study design
The subjects of this intervention study were 42 healthy young males aged 22 ± 3.4 years, who previously consumed an omnivorous diet. All volunteers were in good health as determined by a medical history questionnaire, a physical examination, and the results of clinical laboratory tests.
For 3 months, 2 groups of 21 male volunteers each received either MD or OD; during the second month of diet, red wine was added isocalorically, 240 ml/day. At days 0, 30, 60 and 90, clinical, physiological and biochemical parameters were evaluated. The experimental protocol was approved by the Ethics Committee of the Faculty of Medicine.
The subjects and the design of this intervention study have been previously described in greater detail (Mezzano et al., 2001) . A diagram with the design of the intervention study is shown in Figure 1 .
DIETS
The MD was designed according to reported feeding patterns from Mediterranean countries (Ferro-Luzzi A and Branca F, 1995; Helsing E, 1995) . The OD was modeled after the average US diet of the late 1970's (Browner WS et al., 1991) . The composition of these diets is shown in Tables I and II content of this wine (expressed as gallic acid equivalents) was 1,850 mg/L. During the wine period, each volunteer was asked to drink the wine, 240 ml/day (equivalent to 23.2 g of alcohol), with meals.
Analytical Procedures
Venous blood samples were collected at 0, 30, 60 and 90 days after a 12-hour fasting period into heparin, citrate, or anticoagulant-free tubes. Plasma, serum, erythrocyte and leukocyte samples were stored following common laboratory procedures until they were analyzed. Plasma was obtained from freshly drawn blood by centrifugation at 1000 x g for 5 min. Aliquots of plasma were stored at -70°C before analysis.
Fatty acid analysis
Lipids were extracted from 200 µL plasma by the method of Bligh and Dyer (Bligh EG and Dyer WJ, 1959) using 5 ml of chloroform/methanol (2: 1, v: v) containing 0.01% butylated hydroxytoluene. A known amount of pentadecaenoic acid (15: 0) was added as an internal standard. Total fatty acids were trans-esterified overnight at room temperature with 1 mmol/L methanolic-HCl. After extraction with nhexane the methyl esters were separated and quantified by a GC-6000 Megaseries gas-liquid chromatograph (Carlo Erba, Italy) equipped with a 50 m x 0.25 mm capillary column (SGE BPX-70) using hydrogen as carrier gas. The oven temperature was programmed to increase 5°C/min from 110 to 230°C. The resultant peaks were identified by comparing the retention times with those of known fatty acid methyl ester standards. Peak areas were determined by automatic integration (Spectra Physics, San José, California, USA). evaluated comparing response of all subjects at T60 vs the average values at T30 and T90 using an F-statistic based on within-subject source of variability. Also, to control for a longer than expected wine effect, the response at T60 vs values at T30 were compared. Finally, the wine effect was also tested for each dietary group independently, despite loss of statistical power. Normal distribution was checked on the residual of all variables considered in this work. In those cases in which a departure from the normality assumption was detected, a similar analysis was performed using the rank statistics instead of the raw data, as a nonparametric alternative of the same analysis. The proc MIXED of the SAS statistical program was used for these purposes. Table I shows the average daily intake of food and energy supply in the OD and M D g r o u p s . E n e r g y i n t a k e i n b o t h groups was the same. The MD was characterized by a relatively high intake of fruits and vegetables, low quantities of red meats, and the use of olive oil. By contrast, the OD provided a low amount of fruits and vegetables, mainly red meat, low fiber, and sunflower oil, mayonnaise, and dairy cream. In terms of macronutrients, the MD contained less energy as fat and more as carbohydrates than the OD, while protein content was the same for both diets. The difference in fat was principally due to more SFA and PUFA in OD than in MD (Table II) . But t h e c o m p o s i t i o n i n P U F A w a s a l s o different; MD contained more ω-3 fatty acids than OD, so ω-6/ω-3 balance was approximately 32 and 5 in OD and MD, respectively. Despite lack of absolute randomization, no significant differences were observed at baseline (T0) for most of the parameters studied (Mezzano et al., 2001 ) included plasma percentage of MUFA, PUFA, ω-6 fatty acids and ω-6/ω-3 ratio between the OD group and the MD group. However, significant differences were observed in plasma percentage of SFA and ω-3 fatty acids. For that reason, differences at T0 were corrected in our statistical analyses as explained in Methods.
Statistical analysis
RESULTS
Results are depicted in Table III . The effect of diet (MD vs OD) throughout the study time (T30, T60, T90) showed no significant differences between dietary groups in average plasma percentage of SFA (P d =0.092). OD group had lower levels of MUFA (P d =0.001) and ω-3 fatty acids (P d <0.001), and higher levels of PUFA (P d =0.001) and ω-6 fatty acids (P d <0.001) than the MD group. Also, the ω-6/ω-3 ratio (P d <0.001) was higher in OD group than in the MD group.
The effect of wine was evaluated combining the results of both dietary groups (N=42) and comparing the response of all subjects at T60 vs T30 and T60 vs (T30 + T90)/2. Red wine consumption was associated with a reduction in MUFA (P w60 <0.001 and P w60/2 < 0.001, respectively) and an increase in PUFA (P w60 <0.001 and P w60/2 <0.001, respectively) and in ω-6 fatty acids (P w60 <0.001 and P w60/2 =0.010, respectively). Wine withdrawal showed a possible residual effect of wine (T30 vs T90) on these variables (P 30-90 <0.001, P 30-90 =0.016, and P 30-90 < 0.001, respectively), because T90 percentages did not reach T30 percentages.
The effect of wine on the percentage of SFA combining the results of both dietary groups showed a statistically significant decrease when comparing 60 vs (30 + 90)/2 (P w60/2 < 0.048), but not 60 vs 30 (P w60 = 0.472). Wine withdrawal showed a possible residual effect of wine (T30 vs T90) on this variable (P 30-90 = 0.045). Similarly, the percentage of plasma ω-3 fatty acids showed a statistically significant increase when comparing 60 vs (30 + 90)/2 (P w60/2 < 0.001), but not 60 vs 30 (P w60 = 0.233). Also, wine withdrawal showed a possible residual effect of wine (T30 vs T90) on this variable (P 30-90 <0.001).
When the dietary groups were analyzed independently, wine consumption decreased significantly the SFA plasma percentage only in the MD group for the comparison T60 vs T30 + T90 /2 (P w60/2 = 0.043) but Both groups for 60 vs (30 + 90)/2 on SFA% P w60/2 <0.048. Both groups for 60 vs (30 + 90)/2 on w-3 % P w60/2 <0.001. Both groups for 60 vs (30 + 90)/2 on w-6 / w-3 % P w60/2 = 0.063.
c Denotes statistically significant effect of wine in an individual dietary group. Effect of MD-wine on SFA % (P w60/2 =0.043); OD-wine on SFA % (P w60/2 =0.390); of MD-wine on ω-3 % (P= 0.002); of OD-wine on ω-3 % (P w60/2 = 0.183).
not T60 vs T30 (P w60 = 0.308). Also, percentage of plasma ω-3 fatty acids increased significantly after wine consumption in the MD group for the comparison T60 vs T30 + T90 /2 (P w60/2 = 0.002) but not T60 vs T30 (P w60 = 0.134).
Wine withdrawal decreased ω-3 fatty acids percentage below diet alone (T30) in both experimental groups T30 vs T90 for OD and MD respectively) . The ω-6/ω-3 ratio showed an increase along the study period (P t <0.001) for both diets. Diet strongly influences the ratio, yet it is quite clear that the MD group had an initial lower ratio.
DISCUSSION
The results showed that plasma levels of fatty acids in volunteers depend on the type of fat ingested. MD contained proportionally more MUFA and less PUFA than OD, and this was reflected in plasma proportion of these fatty acids in volunteers. The composition in PUFA was different in both diets; MD contained more ω-3 fatty acids and less ω-6 fatty acids than OD. Accordingly, the plasma percentage of ω-3 fatty acids was higher and ω-6 fatty acids lower in the MD group than in the OD group. The proportion of SFA was almost equal in both diets.
Red wine consumption produced changes in the proportion of plasma fatty acids, raising PUFA and lowering MUFA in both dietary groups, and lowering SFA in the MD group. Specifically, red wine increased plasma levels of ω-6 fatty acids in both diets and ω-3 fatty acids only in the MD group. Therefore on MD, red wine produced two healthy effects, diminishing the proportion of SFA and increasing the proportion of ω-3 fatty acids. The increase in PUFA in both diet groups could be explained by the antioxidant effect of wine polyphenols in the intestine, protecting the fatty acids from oxidation (Natalla F et al., 2001 ). An increase of platelet PUFA in humans induced by the non-alcoholic components of red wine has been reported, suggesting an antioxidant effect in this fraction (Pellegrini N et al., 1996) .
No effect of wine on SFA or ω-3 fatty acids was observed in the OD group, but a residual effect was noticed in both groups when wine was withdrawn. The lack of effect of wine on the OD may be due to the high proportion of SFA in relation to ω-3 fatty acids present in this diet. OD contained 58 % more SFA, 3.9 times more ω-6 fatty acids and 42 % less ω-3 fatty acids than MD. To assess if wine produces a specific effect in ω-3 fatty acids needs more investigation, but the fact that during the wine withdrawal period ω-3 fatty acids decreased and the ω-6/ω-3 ratio increased, supports this idea. There are some additional evidences: subjects drinking red wine showed a high level of ω-6 fatty acids (arachidonic acid 13 %) and ω-3 fatty acids (docosahexaenoic acid 22 %) in phosphatidylethanolamine from erythrocytes (Simonetti P et al., 1995) ; subjects drinking red wine or ingesting nonalcoholic components present in red wine, showed a general increase in PUFA and a general decrease in ω-6/ω-3 ratio in all platelet phospholipids, with the exception of sphingomyelin; more precisely, the increase in the proportion of ω-6 fatty acids and of ω-3 fatty acids was 10.2 % and 37.5 % in phosphatidylethanolamine, respectively, reflecting a reduction in the ω-6/ω-3 ratio, from 8.08 to 6.47 (Pellegrini N et al., 1996) . Also, patients drinking wine showed a high level of ω-3 fatty acids in granulocyte membranes and adipose tissue, and this is related to the diet (Christensen JH et al., 2001) . The finding that wine increases ω-3 fatty acids in plasma is relevant because of the numerous publications that have reported biochemical and physiological effects of ω-3 fatty acids in humans and animals that are expected to prevent or ameliorate CHD (de Lorgeril M et al., 1994; Simopoulos AP, 1997; Mori TA et al., 2001) . Studies have also shown potent antiarrhythmic effects of ω-3 fatty acids in animal and in vitro studies (Leaf A et al., 1999) , which tend to explain the reduced incidence of sudden cardiac death in humans given ω-3 fatty acids (Christensen JH and Schmidt EB, 2001) .
Plasma fatty acids profile and ω-6/ω-3 ratio showed better values in the MD group than in the OD group, a positive result for the prevention of chronic diseases. Wine consumption increases PUFA in both dietary groups; this effect could possibly be better when the ω-6/ω-3 ratio in the diet is near 4, as in MD (Simopoulos AP, 2001) , favoring the beneficial effects of ω-3 on cardiovascular disease. In the MD group, wine supplementation decreased the levels of SFA and increased ω-3 fatty acids, changes leading to a lower cardiovascular risk SUPPORTED BY PUC-PBMEC98 (Molecular Basis of Chronic Diseases Program), Catholic University of Chile.
